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BACKGROUND OF THE INVENTION 



This invention is concerned generally with a customized low energy method of 
breaking rock in a controlled manner. 

As used herein the word "rock" includes rock, ore, coal, concrete and any 
similar hard mass, whether above or underground which is difficult to break or 
fracture. It is to be understood that "rock" is to be interpreted broadly. 

A number of techniques have been developed for the breaking of rock using 
non-explosive rneans. These Include a carbon dioxide gas pressurisation 
method (referred to as the Cardox method), the use of gas Injectors (the 
Sunburst technique), hydrofracturing and various methods by which cartridges 
containing energetic substances pressurise the walls or base of a sealed drill 
hole to produce penetrating cone fractures (known as PQF). 

These techniques may be an order of magnitude more efficient than 
conventional blasting in that they require approximately 1/10 of the energy to 
break a given amount of rock compared to conventional blasting using high 
explosives, the lower energy reduces the resulting quantity of fly rock and air 
blast and to an extent allows the rockbreaking operation to proceed on a 
continuous basis as opposed to the batch-type situation, which prevails with 
conventional blasting. 
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Most non-explosive rockbreaking techniques rely on the generation of high 
gas pressures to initiate a tensile fracture at the bottom of a relatively short 
drill hole. 

The aforementione.d techniques rely on the generation of high pressure jet 
material to initiate a tensile fracture at the bottom of a drill hole. The invention 
is concerned with a technique and apparatus which can be used to enhance 
or modify the aforementioned process. 

SUMMARY OF INVENTION 

The invention provides a method of breaking rock which Includes the steps of: 

(a) loading a cartridge into a hole in a rock face; 

(b) at a first predetennined time initiating a propellant, at least at a first 
zone, in the cartridge thereby to cause the release of pressurised 
material; and 

(c) at a second predetermined time canying out at least onb of: 

(i) detonating an explosive in the hole, and 

(ii) initiating the propellant at least at a second zone in the hole. 

The first and second predetermined times can, in essence, be coincident. 
However a predetermined interval may exist between the first and second 
predetermined times. 

According to requirement the first predetermined time may be. before the 
second predetermined time, or vice versa. 
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The explosive In the hole may be separate from the cartridge and may be 
physically displaced from the cartridge. Alternatively the explosive may be 
inside the cartridge or on an outer side of the cartridge. 

Where a time interval exists between the first and second predetermined 
times the duration of the time interval may be controlled by using electronic * 
techniques. 

The blasting agent and the explosive may be Initiated and detonated, 
respectively, by means of respective control signals which are transmitted 
from a control unit or units via control lines or by using wireless techniques. 

"Propellanf is to be distinguished from an "explosive" or "high-explosive". 
Each of the latter terms, which are used Interchangeably herein, means an 
energetic substance which gives rise to an explosive shock wave which 
results from a more rapid detonation or combustion of the energetic 
substance, than that which occurs with the propellant. 

The invention also extends to apparatus for breaking rock which includes a 
cartridge which forms an enclosure, a propellant inside the enclosure, an 
explosive, and a control unit which initiates the propellant at a first 
predetermined time and which detonates the explosive at a second 
predetermined time. 
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The first and second predetermined times may be coincident or a 
predetermined time interval may exist between the first and second 
predetermined times. 

The control unit may be an integral mechanism or may include a first 
mechanism which is used for initiating the propellant and a second 
mechanism which is used for detonating the explosive. 

The explosive may be separate, ie. physically displaced, from the cartridge, 
positioned on an outer surface of the cartridge, or located inside the cartridge. 

The control unit may be used for generating control signals which are 
transmitted to the propellant -and to the explosive respectively, for initiation 
and detonation thereof. The control signals may be transmitted using 
communication links of any appropriate kind eg. physical conductors or optic 
links, or by making use of wireless techniques or the like. 

As used herein "propellant" is to be interpreted broadly to include a propellant, 
blasting agent, gas-evolving substance or similar means which, once initiated, 
generates high pressure jet material typically at least partly in gaseous form. 
This type of propellant is known in the art, "Blasting agent" and "propellant" 
are used interchangeably in this specification. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further described by way of examples with reference to the 
accompanying drawings In which: 

Figure 1 is a side view in cross section of apparatus for breaking rock 
according to the invention, 

Figure 2 schematically illustrates a control circuit which is used in the method 
of the invention, and 

Figure 3 illustrates an alternative control circuit for use in the method of the 
invention. . 

DESCRIPTION OF PREFERRED EMBODIMENT 

Figure 1 of the accompanying drawings illustrates a hole 10 which is drilled 
into a rock mass 12 from a face 14 using conventional drilling equipment, not 
shown. The hole is drilled to a length which is at least four times the nominal 
diameter of the hole. 

A cartridge 16 is loaded into the hole. The cartridge has a base 18 and a 
cylindrical side wall 20 which extends upwardly from the base and which 
terminates in a rounded upper end 22. 

The cartridge 16 forms an enclosure for a propellent material 24 of known 
composition which is loaded into the cartridge under factory conditions using 
techniques which are known in the art. An initiator 26 is loaded into the 
cartridge, preferably on site. 
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Control wires 28 lead from the initiator to a control unit 30 which is positioned 
at a safe location. 

Stemming 32 is placed into the hole 10 from the rock face 14 covering the 
cartridge to a desired extent. The stemming is consolidated in position by 
means of a tamping or similar process. The nature of the stemming and its 
manner of use are known in the art and for this reason are not further 
described herein. 

The cartridge contains a ring of explosive material, designated 36, which is 
positioned. on an inner surface of the wall 20. A control lead 28A extends 
from the explosive ring to the control unit 30. 

Figure 2 illustrates somewhat schematically the use of the control unit 30 in 
conjunction with a circuit 40 which is associated with the initiator 26 and a 
circuit 42 which is associated with the explosive 36. 

The control unit 30 is powered by an external source 44. for example a 
battery, and includes a wave generator 46 which produces coded pulses each 
of an appropriate shape and with a desired energy content, using techniques 
which are known in the art and which are impressed on the line 28. 

The circuit 40 is preferably mounted inside a housing of the initiator 26 as is 
somewhat schematically illustrated in Figure 1. Similarly the circuit 42 is 
physically located adjacent the explosive ring 36. again as is indicated in 
Figure 1 . 
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The circuit 40 includes a timer 48 and a capacitor 50. The mechanism 42 
includes a separate timer 52 and a capacitor 54. An active component of the 
initiator 22 which, when energised, produces a hot spot which results in 
initiation of the propellent 24 is designated 56 in Figure 2. A similar hot spot 
initiator, which is used to detonate the explosive 36. Is designated 58 and is 
connected to the timer 52. Hot spot initiators of this type are known in the art 
and consequently are not further described herein. 

When the rock breaking process is commenced a control signal is sent from 
the unit 46 on the line 28 to the initiator 26. The control signal Is also applied 
by the line 28A to the capacitor 54.. The capacitors 50 and 54 are charged by 
the control signal to respective voltages which permit operation of the timers 
48 and 52. These devices may communicate with each other via the line 28A 
and their operation can therefore be coordinated or synchronised so that each 
timer commences, at the same instant, timing a respective predetermined 
time interval. Through the use of suitable electronic circuitry highly accurate 
and precisely controlled timing intervals can be achieved. 

When the timer 48 reaches the end of its timing interval energy from the 
charged capacitor 50 is discharged, by closing an Internal switch In the timer, 
into the hot spot initiator 56. Similarly at the end of the timing interval of the 
timer 52. closure of an internal switch in the timer causes the discharge of 
energy from the capacitor 54 into the hot spot initiator 58. When the hot spot 
initiator 56 is energised it causes combustion of the propellent 24. Similarly 
energisation of the hot spot initiator 58 causes detonation of the explosive 36. 
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Normally the difference between the time at which the propellant is initiated 
and the time at which the explosive is detonated is small, of the order of 
micro-seconds, and although the combustion of the propellant takes place 
rapidly the resulting shock wave does not cause the cartridge to disintegrate 
before the timer 52 causes the explosive 36 to be detonated. In other words 
although the propellant and the explosive are initiated in rapid succession the 
time interval between these two events can be precisely controlled in order to 
optimise the effect which the explosive has on the shock wave which is 
released by the combustion of the propellant. 

The control wires 28 and 28A may be conductive, for conveying electrical 
signals, or may be formed by fibre optic cables for conducting optical signals. 
In the latter case it is not feasible however to transmit meaningful quantities of 
energy from the control unit to the circuits 40 and 42. In this instance the 
capacitors 50 and 54 are dispensed with and are replaced by small onboard 
batteries which provide the required energy for operating the timers and for 
energising the respective hot spot initiators. 

Figure 3 illustrates a wireless technique which is used in place of a physical 
connection between the control unit 30 and the cartridge. The control unit 30 
includes a timer 60 which is powered from an electrical source 62. A 
transmitting antenna 64 is used to radiate a signal 66 to a receiving antenna 
68 which is positioned at the initiator 26. The received signal is rectified by a 
diode 70 and the rectified output is used to charge a capacitor 72. An 
onboard timer 74 is powered by the capacitor 72 and, at an appropriate time 
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which is measured by the timer, energy from the c5apacitor 72 is discharged 
into a hot spot initiator 76. 

Clearly suitable safeguards must be built into the control system, which is 
used for firing the propellent, to ensure that stray signals from extraneous 
sources, including noise, do not inadvertently cause initiation of the propellant. 

Dated this 3'** day of July 2001 . 




McCALLUM, RAEiEMEYER & FREIMOND 
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